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Introduction and preliminaries
The well-known Banach contraction principle states that if a self-mapping f of a complete metric space (X, d) satisfies the condition (i) d(fx, fy) ≤ kd(x, y),  ≤ k < , for each x, y ∈ X, then f has a unique fixed point, that is, there exists a unique z ∈ X such that f (z) = z.
A fixed point of a self-mapping of a metric space X can also be considered to be a common fixed point of f with the identity mapping on X. An innate question that comes up in this context is whether the identity mapping can be replaced by another self-mapping g of X to obtain common fixed points of f and g. In , Goebel [] studied this problem and obtained the following coincidence theorem.
Theorem . Let A be an arbitrary set and X be a metric space with the metric d. Suppose, moreover, that f , g are two mappings defined on the set A with the values in X. If f (A) ⊆ g(A), g(A) is a complete subspace of X and for all x, y ∈ A: (i) d(fx, fy) ≤ kd(gx, gy),  ≤ k < , then f and g have a coincidence point, that is, there exists z ∈ A such that f (z) = g(z)
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The condition (i) of Theorem . appears to have been studied first by Machuca [] in  under some heavy topological conditions (see also [, ] ).
It may be observed that the conclusion of Theorem . is not true (take A = X) if we drop completeness of g (A) . This can be seen by the following example.
Example . []
Let X = [, ] and let d be the usual metric on X. Define self-mappings f and g on X as follows:
Then f and g satisfy the following conditions of Theorem ., but they do not have a coincidence point: 
d(gx, gy).
Fixed point theorems are statements containing sufficient conditions that ensure the existence of a fixed point. Therefore, one of the central concerns in fixed point theory is to find a minimal set of sufficient conditions which guarantee a fixed point or a common fixed point as the case may be. Common fixed point theorems for contractive type mappings necessarily require a commutativity condition, a condition on the ranges of the mappings, continuity of one or more mappings besides a contractive condition. And every significant fixed point or common fixed point theorem attempts to weaken or obtain a necessary version of one or more of these conditions [] .
In , using condition (i) of Theorem ., Jungck [] obtained common fixed point for commuting mappings by using a constructive procedure of sequence of iterates.
Theorem . [] Let (X, d) be a complete metric space and let f and g be commuting self-maps of X satisfying the conditions:
(i) fX ⊆ gX; (ii) d(fx, fy) ≤ kd (gx, gy) , for all x, y ∈ X and some  ≤ k < .
If g is continuous then f and g have a unique common fixed point.
The essence of Jungck's theorem has been used by several workers to obtain interesting common fixed point theorems for both commuting and noncommuting pairs of mappings satisfying contractive type conditions. The constructive technique of Jungck's theorem has been further improved and extended by various researchers to establish common fixed point theorems for three mappings, four mappings and sequence of mappings (see also [-] ).
Generalizations of Jungck's contraction condition have been extensively used to study common fixed points of contractive mappings. If f and g are two self-mappings of a metric space (X, d), general contractive conditions assume the following form. Condition (b) is also referred to as a Meir-Keeler type ( , δ) contractive condition [] . It can easily be seen that if f and g satisfy (b) then f and g also satisfy the contractive condition
d(fx, fy) < d(gx, gy).
In some results the contractive condition (b) has been replaced by a slightly weaker contractive condition of the following form.
(c) Given >  there exists a δ >  such that
Jachymski [] has shown that the contractive condition (c) implies (b) but not conversely.
In the setting of common fixed point theorems, the Meir-Keeler type ( , δ) contractive condition alone is not sufficient to guarantee the existence of a common fixed point. While assuming the ( , δ) contractive condition, the existence of a common fixed point is ensured either by imposing some additional restriction on δ or by assuming some additional condition besides the ( , δ) contractive condition or by imposing strong conditions on the continuity of mappings (for references see [, -]).
In , Sessa gave the weaker version of the commutativity condition, namely the weakly commuting condition. In subsequent years Jungck [ [] , and many others have considered several generalizations of commuting mappings or weaker notions of commutativity, see Table  . Now, it has been shown that weak compatibility is the minimal noncommuting condition for the existence of common fixed points of contractive type mapping pairs. In recent works several authors claimed to introduce some weaker noncommuting notions and showed that their introduced noncommuting conditions contain weak compatibility as a proper subclass. This is, however, of no use when searching for common fixed points. In fact most of the generalized commutativity notions fall in the subclass of weak compatibility in the setting of a unique common fixed point (or unique point of coincidence). These generalizations are novel but for their actual applications one should go beyond contractive conditions, since contractive conditions do not allow for more than one point of coincidence or fixed point.
In , Haghi et al.
[] presented the following lemma, which is a consequence of the axiom of choice, and they showed that some coincidence point and common fixed point generalizations in fixed point theory are not real generalizations as they could easily be obtained from the corresponding fixed point theorems. Therefore, one should take care in obtaining real generalizations in fixed point theory (for more details see [] ). http://www.fixedpointtheoryandapplications.com/content/2014/1/38 Lemma . [] Let X be a nonempty set and f : X → X a function. Then there exists a subset E ⊂ X such that f (E) = f (X) and f : E → X is one-to-one.
Comparison of weaker forms of commuting mappings
Let f and g be self-mappings of a set X. If w = fx = gx for some x in X, then x is called a coincidence point of f and g, and w is called a point of coincidence (POC) of f and g. The set of coincidence points (CP) of f and g will be denoted by C(f , g). Let PC(f , g) represent the set of points of coincidence of f and g. A point x ∈ X is a common fixed point of f and g if x = fx = gx. The set of all common fixed points of f and g is denoted by F(f , g). Two self-mappings f and g of a metric space (X, d) are said to be commuting iff fgx = gfx for all x in X.
The study of common fixed points of pair of self-mappings satisfying contractive type conditions becomes interesting in view of the fact that even commuting continuous map-http://www.fixedpointtheoryandapplications.com/content/2014/1/38 pings on such nicely behaved entities as compact convex sets may fail to have a coincidence or common fixed point. When we extend such studies to the class of noncommuting contractive type mapping pair, it becomes still more interesting [] .
The first ever attempt to relax the commutativity of mappings to a smaller subset of the domain of mappings was initiated by Sessa [] who in  gave the notion of weak commutativity. Notice that commuting mappings are obviously weakly commuting. However, a weakly commuting mappings need not be commuting. 
It is easy to check that commuting mappings are weak * commuting and weak * * commuting. The following example shows that the reverse implication does not hold.
for all x and gx = x  for all x.
Then f and g are weak * commuting and weak * * commuting but f and g are not commuting mappings. In view of Example ., we remark that commuting mappings are weakly uniformly contraction mappings. However, weakly uniformly contraction mappings need not be weakly commuting.
Remark
In , Jungck generalized the concept of weak commutativity by introducing the notion of compatible mappings [] also called asymptotically commuting mappings by Tivari and Singh [] in an independent work. In [] it has been shown that two continuous self-mappings of a compact metric space are compatible iff they commute on their set of coincidence points. Remark . Notice that the notions of weak commutativity and compatibility differ in one respect. Weak commutativity is essentially a point property, while the notion of compatibility uses the machinery of sequences.
Remark . In a review of [] Singh (Math. Rev. h:, see also [] ) has shown that for a pair of weakly commuting mappings on a metric space (X, d), there may not exist even a single sequence {x n } in X for which lim n fx n = lim n gx n = t for some t in X. In this case the mappings f and g are still compatible. The following example shows that in this situation they can be weakly commuting. Ever since the introduction of compatibility, the study of common fixed points has developed around compatible maps and its weaker forms and it has become an area of vigorous research activity. However, fixed point theory for noncompatible mappings is equally interesting and Pant [] has initiated some work along these lines. One can establish fixed point theorems for such mappings pairs not only under nonexpansive conditions but also under Lipschitz type conditions even without using the usual contractive method of proof. The best examples of noncompatible maps are found among pairs of mappings which are discontinuous at their common fixed point [] . It may be observed that the mappings f and g are said to be noncompatible if there exists a sequence {x n } in X such that for some t in X but lim n d(fgx n , gfx n ) is either non-zero or nonexistent. It may be observed that the (E.A.) property is equivalent to the previously known notion of tangential mappings introduced by Sastry et al. [] .
If f and g are both noncompatible then they do satisfy the (E.A.) property. In fact the notion of the (E.A.) property circumvents the most crucial part of fixed point theorems consisting of constructive procedures yielding a Cauchy sequence. On the other hand the (E.A.) property enables us to study the existence of common fixed point of nonexpansive or Lipschitz type conditions in the setting of noncomplete metric spaces.
Sintunavarat and Kumam [] introduced an interesting property, namely the common limit in the range property (in short CLR g ) which completely buys the condition of closedness of the ranges of the involved mappings and has an edge over the (E.A.) property (see also [-]). It is important to note that in the setting of metric spaces, there is no general method for the study of common fixed points of nonexpansive or Lipschitz type mappings. The http://www.fixedpointtheoryandapplications.com/content/2014/1/38 notions of noncompatibility, the (E.A.) property and (CLR g ) property are well suited for studying common fixed points of strict contractive conditions, nonexpansive type mapping pairs or Lipschitz type mapping pairs in ordinary metric spaces, which are not even complete.
Definition . (Singh and Mishra [])
If for x  ∈ X there exists a sequence {x n } in X such that fx n+ = gx n , n = , , , . . . , then O(g, f ; x  ) = {fx n : n = , , , . . .} is an orbit for g and f . Maps f and g are weakly x  -preorbitally commuting iff there exists a positive integer
Weakly commuting mappings are preorbitally commuting but the converse is not true in general. 
e., f and g are not weakly commuting but f and g are preorbitally commuting mappings (e.g., take {x n } = ). Definition . Two self-mappings f and g of a metric space (X, d) are called:
whenever {x n } is a sequence in X such that lim n fx n = lim n gx n = t for some t in X. 
Proposition . [] Let f and g be continuous mappings from a metric space
It may be observed that f and g are compatible of type (C) but neither compatible nor compatible of type (A) nor compatible of type (B) (consider the sequence {x n } given by
and d be the usual metric on X. Define f , g : X → X as follows:
It may be observed that f and g are compatible mappings of type (A), but neither commuting nor compatible mappings. To see this let us consider the sequence {x n } given by
Examples . and . (below) show that the notions of compatible mappings and compatible of type (A) are independent to each other.
Example . []
Let X = R equipped with the usual metric d. Define self-mappings f and g as follows:
Then for the sequence {x n } =  +  n+ we get lim n fx n = lim n gx n = , lim n d(fgx n , gfx n ) = , but lim n d(ffx n , gfx n ) = , lim n d(gfx n , ggx n ) =  and lim n d(ffx n , ggx n ) = . Therefore f and g are compatible but not compatible of type (A). 
In this example f and g are R-weakly commuting pair (A f ) for R =  but not R-weakly commuting mappings [] . Thus R-weakly commuting mappings and R-weakly commuting of (A f ) or (A g ) mappings are independent to each other.
It may be noted that both compatible and noncompatible mappings can be R-weakly commuting of type (A g ) or (A f ). 
It may be observed that f and g are R-weakly commuting of type (
To see that f and g are noncompatible, let us consider a sequence {x n } given by x n =  +  n : n > . Then fx n → , gx n → , fgx n → , gfx n → , and 
Thus f and g will be:
Remark . If f and g are R-weakly commuting or R-weakly commuting (A f ) or Rweakly commuting of type (A g ) or R-weakly commuting (P) and if z is their coincidence point, i.e., fz = gz, then we get ffz = fgz = gfz = ggz. Thus at a coincidence point, all the analogous notions of R-weak commutativity including R-weak commutativity are equivalent to each other and imply their commutativity. 
where α lim n stays for lim sup n or lim inf n , whenever {x n } is a sequence in X such that lim n fx n = lim n gx n = t for some t in X.
Similarly, the definition of g-biased can be obtained from the definition of f -biased by interchanging the role of f and g. http://www.fixedpointtheoryandapplications.com/content/2014/1/38 Jungck and Pathak [] have shown that if f and g are compatible then they are both f -biased and g-biased, but the converse is not true.
Then f and g are both f -biased and g-biased but not compatible. 
Next example [] shows that intimate mappings need not be compatible.
Example . Let X = [, ] and d be the usual metric on X. Define f , g : X → X as follows:
For this let us consider the sequence {x n } given by x n =  n : n > . Then fx n → , gx n →  and lim n d(fgx n , fx n ) < lim n d(ggx n , gx n ), i.e., f and g are f -intimate but lim n d(fgx n , gfx n ) = . (ii) lim n fx n = lim n gx n = t for some t in X implies lim n d(fgx n , gt) = .
It may be noted that semi-compatible mappings need not be compatible mappings. 
Then f and g are semi-compatible, but noncompatible mappings. To see this let us consider a decreasing sequence {x n } given by  < x n <  and lim n x n = . Then fx n → ,
In , Pathak et al.
[] weakened the notion of compatible of type (A) by splitting it into two parts, namely f -compatible and g-compatible.
Then f and g are compatible but not f -compatible nor g-compatible. To see that, let us consider a sequence {x n } given by x n = n. 
Then f and g are compatible and g-compatible but not f -compatible.
Example . []
Let X = [, ∞) and d be the usual metric on X. Define f , g : X → X as follows:
Then f and g are both f -compatible and g-compatible but not compatible. Proof Let {x n } be a sequence in X defined by x n = z, n ∈ N and fz = gz for some z ∈ X. Then we have lim n fx n = lim n gx n = fz = gz. Since f and g are either compatible or compatible of type (A) or f -compatible, or g-compatible or compatible of type (P) or compatible of type (C), we have 
whenever {x n } is a sequence in X such that lim n fx n = lim n gx n = t for some t in X.
In , Jungck generalized the notion of compatible mappings. It is obvious from the definition that f and g can fail to be pointwise R-weakly commuting only if there exists some x in X such that fx = gx while fgx = gfx, i.e., only if they posses a coincidence point at which they do not commute. (It is also well known that pointwise R-weak commutativity is equivalent to commutativity at coincidence points and in the setting of metric spaces this notion is equivalent to weak compatibility.)
If f and g are compatible or f -compatible or g-compatible or compatible of type (A) then they are obviously weakly compatible but as shown in Example . converse is not true.
Example . Let X = R equipped with the usual metric d. Define self-mappings f and g as follows:
where [x] denotes the integral part of x. http://www.fixedpointtheoryandapplications.com/content/2014/1/38
Then for the sequence {x n } =  n we get lim n fx n = lim n gx n =  and lim n d(fgx n , gfx n ) = , lim n d(ffx n , gfx n ) =  and lim n d(gfx n , ggx n ) = . Therefore f and g are neither compatible nor f -compatible nor g-compatible nor compatible of type (A) nor compatible of type (P) nor compatible of type (C) but they are weakly compatible as they commute at their coincidence points x = -, .
In order to obtain new common fixed point theorems, one should be careful to use nontrivial noncommuting conditions. For example see the following result.
In 
Corollary . Let f and g be weakly compatible self-mappings of a complete metric space
, for all x, y ∈ X and some  ≤ k < .
Then f and g have a unique common fixed point in X.
In some cases the condition of completeness mentioned in the above corollary may be replaced by the (E.A.) property besides some condition on the ranges of the involved mappings [, ].
Corollary . Let f and g be weakly compatible self-mappings of a metric space (X, d) satisfying the (E.A.) property, and (i) fX ⊆ gX; (ii) d(fx, fy) ≤ kd(gx, gy)
If the range of f or g is a complete subspace of X then f and g have a unique common fixed point in X.
It may be observed that the conclusions of above corollaries are not true. This can be seen from the following counter example [].
Example . []
Let X = [, ] and d be the usual metric on X. Define self-mappings f and g on X as follows:
Then f and g satisfy the following conditions of above corollaries, respectively, but do not have a common fixed point. One can see in Example . (above) that both the mappings f and g satisfy weak compatibility condition vacuously, yet f and g are common fixed point free mappings. We can redefine the notion of weak compatible mappings in the following way. http://www.fixedpointtheoryandapplications.com/content/2014/1/38 Definition . Two self-mappings f and g of a metric space (X, d) are called nontrivially weakly compatible if they commute on the set of coincidence points whenever the set of their coincidences is nonempty. whenever {x n } is a sequence in X such that lim n fx n = lim n gx n = t for some t in X.
The following examples show that weakly compatible mappings and compatible mappings of type (I) are independent from each other. Then fx = gx iff x =  and x = . Also at these points fgx = gfx. It means the mappings f and g are weakly compatible. It can also be noted that f and g not compatible of type (I). To see this, let {x n } be a sequence in X such that fx n → t, gx n → t. Then at x = , fx = gx. But fgx = gfx, which shows that f and g are not weakly compatible but compatible of type (I). To see this, let {x n } be a sequence in X such that fx n → t, gx n → t.
Then for t = , d(t, gt) > d(t, fgx n ).

Example . [] Let
Then for t = , d(t, gt) < d(t, fgx n ).
Definition . (Pathak et al. []) Two self-mappings f and g of a metric space (X, d)
are called:
where α lim n stays for lim sup n or lim inf n , whenever {x n } is a sequence in X such that lim n fx n = lim n gx n = t for some t in X. Remark . Besides commutativity of the mappings the notion of non-trivial OWC requires the mappings to have a coincidence point and, therefore, imposes a very strong condition on the mappings. By assuming the existence of a coincidence point the notion of non-trivial OWC circumvents the most crucial part of fixed point theorems consisting of constructive procedures yielding coincidence points. Conditions or constructive procedures yielding coincidence points are important parts of fixed point theorems and strong assumptions like non-trivial OWC do not and should not obviate the need for constructive procedures.
[, ) → [, ) is upper semi-continuous, non-decreasing and φ(t) < t for all t > , and d(fgx, fx) + d(fgx, gfx) = . If φ(t) = ht, where  < h < , then the pair of mappings (f , g) is said to be h-weakly compatible of type (f , g).
Example . [] Consider
Definition . (Chen and Li []) Two self-mappings f and g of metric space (X, d) are said to be Banach operator pair iff the set F(g) is f -invariant, namely f (F(g)) ⊂ F(g).
It is easy to check that the commuting pair (f , g) is a Banach operator pair but the converse is not true in general. It may be noted that nontrivially (C(f , g) = φ) weakly f -biased and g-biased mappings, respectively, are occasionally weakly f -biased and g-biased, respectively. However, the reverse implications are not true.
Example . []
Then we have fx = gx if and only if x = / or x =  and d(fg(
, that is, the pair {f , g} is occasionally weakly f -biased.
)), i.e., the pair {f , g} is not weakly f -biased. Similarly we can show that g-occasionally weakly biased mappings may not be g-weakly biased mappings. 
Then C(f , g) = {,   } and fg = gf . Hence f and g are conditionally commuting but not weakly compatible. Further f and g are noncompatible mappings. To see this let us consider a sequence {x n } given by x n =  -
Remark . In this remark we highlight the difference (in terms of applicability) between the three concepts: weak compatibility, occasionally weak compatibility and conditionally commutativity. A generalized Lipschitz type pair (f , g) of self-mappings of a metric space (X, d) may exhibit any of the conditions: (i) f and g do not possess a coincidence point, (ii) f and g possess coincidence points and commute at each coincidence point, and (iii) f and g possess more than one coincidence points and commute on a proper subset of the set of their coincidence points. The notions of commuting, weak commuting, compatible, pointwise R-weak commuting, or weak compatible mappings apply in conditions (i) and (ii) but do not apply in condition (iii). The notion of non-trivial OWC mappings applies in conditions (ii) and (iii) but does not apply in condition (i) as it presupposes the existence of a coincidence point. The notions of OWC and conditional commutativity are applicable in each of the three conditions mentioned above. 
Then f and g are subcompatible but not OWC. To see this consider the sequence {x n } given by x n =  +  n . Then fx n → , gx n → , fgx n → , gfx n →  and lim n d(fgx n , gfx n ) = . On the other hand, we have fx = gx iff x =  and fg = gf , hence mappings f and g are not OWC.
Remark . Above Example . shows that subcompatible mappings need not imply commutativity at the coincidence point. It may be observed that subcompatible mappings are independent from the compatible mappings and in the setting of a unique common http://www.fixedpointtheoryandapplications.com/content/2014/1/38 fixed point (or unique point of coincidence), subcompatibility does not reduce to the class of compatibility. The following examples illustrate these facts.
Example . Let X = [, ∞) and d be the usual metric on X. Define f , g : X → X by fx = x for all x and gx = x for all x.
Then f and g are compatible but not subcompatible.
Example . Let X = [, ] and d be the usual metric on X. Define f , g : X → X as follows:
It may be observed that f and g are subcompatible mappings. To see that f and g are subcompatible, let us consider the constant sequence {x n } given by x n = . Then fx n → , gx n → , fgx n → , gfx n → , and lim n d(fgx n , gfx n ) = . Further, if we consider {y n } given by y n =  - n : n > , then fy n → , gy n → , and lim n d(fgy n , gfy n ) = . Thus f and g are subcompatible but not compatible.
Remark . The notion of subcompatibility imposes a strong condition on the mappings f and g by requiring the existence of a sequence {x n } such that fx n → t, gx n → t. Such a precondition is not required in order that f and g be compatible. In [] Pant and Bisht introduced the notion of conditional compatibility which does not require such a precondition and yet is a proper generalization of both nontrivial compatibility and subcompatibility.
Definition . (Pant and Bisht [])
Two self-mappings f and g of a metric space (X, d) are called conditionally compatible if and only if whenever the set of sequences {x n } satisfying lim n→∞ fx n = lim n→∞ gx n is nonempty, there exists a sequence {y n } such that lim n→∞ fy n = lim n→∞ gy n = t (say) and lim n→∞ d(fgy n , gfy n ) = .
In [], Pant and Bisht introduced a new notion of pseudo compatible mappings, which is a stronger version of conditionally compatible mappings.
Let f , g be self-mappings of a metric space (X, d). Then for a sequence {y n } in X satisfying lim n→∞ fx n = lim n→∞ gy n , a sequence {z n } is called an associated sequence if fy n = gz n or gy n = fz n and lim n→∞ fz n = lim n→∞ gz n .
Definition . (Pant and Bisht [])
Two self-mappings f and g of a metric space (X, d) are called pseudo compatible iff whenever the set of sequences {x n } satisfying lim n→∞ fx n = lim n→∞ gx n is nonempty, there exists a sequence {y n } such that lim n→∞ fy n = lim n→∞ gy n = t (say), lim n→∞ d(fgy n , gfy n ) =  and lim n→∞ d(fgz n , gfz n ) =  for any associated sequence {z n } of {y n }.
Suzuki and Pathak
[] also extended the class of compatible type mappings and several analogous notions to almost compatible mappings and analogous notions, respectively. http://www.fixedpointtheoryandapplications.com/content/2014/1/38 Definition . Two self-mappings f and g of a metric space (X, d) are called to be almost compatible iff f and g are compatible and the following hold for every sequence {x n } in X:
(C) fx n+ = gx n for n ∈ N.
(C) {fx n } converges.
(C) {gfx n } is bounded.
In , Bisht and Shahzad [] redefined the notion of conditionally compatible mappings by faintly compatible mappings.
Definition . (Bisht and Shahzad [])
Two self-mappings f and g of a metric space (X, d) are called to be faintly compatible iff f and g are conditionally compatible and f and g commute at the subset of coincidence points, whenever the set of coincidence points is nonempty.
Example . Let X = [, ] and d be the usual metric on X. Define self-mappings f and g on X as follows:
Then f and g are faintly compatible but neither compatible nor weakly compatible.
Remark . In recent works several authors claimed to introduce some weaker noncommuting notions and pretended to show, weak compatibility as a proper subclass of their weaker notions. This is, however, not true. Let φ : R + → R + be a non-decreasing function satisfying the condition φ(t) < t, for each t > . Remark . It is important to note that majority of the noncommuting conditions before weak compatibility do not presume the existence of a coincidence point but actually establish the existence of a coincidence point by using these conditions. In fact, it can easily be established that some of these conditions, e.g., weakly commuting etc. not only imply commutativity at coincidence points but in combination with other sufficient conditions also imply the existence of the coincidence point. Thus we can say that with the inception of the definition of non-trivial OWC mappings more focus would be given to those noncommuting conditions which directly assume the existence of coincidence point, which is relatively strong condition in comparison to weakly compatible mappings. 
Applications
Fixed point theory has played central role in the problems of nonlinear analysis. Common fixed point theorems have provided powerful tools in demonstrating the existence solutions to large variety of problem in applied mathematics. In this section we give some of the areas where common fixed point theorems are applicable.
Applications in differential equations
In [] Goebel gave a nice application of the coincidence theorem (Theorem .) for the solution of differential equation. He considered the following differential equation:
. Suppose that the function {s(t, x)} is defined in the half plane t ≥ , -∞ < x < +∞ and satisfies Caratheodory's conditions (cf.
[]) and Lipschitz inequality
where {L(t)} is locally integrable on the interval , ∞).
If
and p >  then the transformations f and g defined by
] into the Banach space B of continuous functions on , ∞) with the norm |x| = sup ,∞) |x(t)|, then Theorem . assures that there exists a function {x(t)} ∈ A which satisfies fx = gx andx(t) = t  s(τ ,x(τ )) dτ + ξ is the unique solution in the sense of Caratheodory [] with the initial conditionx() = ξ for every ξ . Let D be a nonempty subset of a normed space X, f and g self-mappings of D, and F(f ) (respectively F(g)) the set of fixed points of f (respectively g). The self-mapping g is called: 
Applications in approximation theory
A self-mapping g : X → X is said to be compact on M if whenever A is a nonempty bounded subset of M, then g(A) is compact. A mapping h : D → X is said to be demiclosed at y ∈ X if whenever {x n } is a sequence in D such that x n → z ∈ D weakly and hx n → y strongly, then hz = y. A Banach space X is said to satisfy Opial's condition if whenever {x n } is a sequence in X such that x n → z ∈ X weakly, then 
Several other applications
Several authors, have used common fixed point techniques, to obtain the existence and uniqueness of common solutions for certain class of the functional equations arise in dy- 
